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SPECTROSCOPIC STUDIES OF NUCLEAR SUBMARINE ATMOSPKERES 4
I. Desorptlon and Analysis of Contaminants from Hopalite

INTRODUCTION

The tremendous underwater cruising capability of the nuclear
submarine has necessitated greatly improved methods for the
maintenance of a livable atmosphere aboard the vesse L. 7Te
complete problem of submarine respiratory habitability is a com-
plicated one. One phase of the problem is the removal of any
carbon monoxide or hydrogen generated in the boat's atmosphere.
These contaminants can be removed by passing the air through a
heated oxide catalyst known as Hopcalite. Hopcelite is a mixture
of cupric oxide and manganese dioxide specially prepared to have
a very large and active surface area. For this purpose it is
used in the form of 4 to 8 mesh granules, it cat3lyzes the
oxidation of carbon monoxide and hydrogen co carbon dioxide and
water, respectively. It has been found that in addition to
these compounds the catalyst also causes the oxidation'of a
number of organic contaminants in the boat's atmosphere to carbon
dioxide and water vapor or to a lesser degree of oxidation
depending upon the operating temperature of the c-atalst bed.
At the minimum temperature required for "burning" carbor monoxide
and hydrogen, some of the organic contaminants in the e. ering air
stream fail to react and are either adsorbed on the catalyst or
discharged without change. Others are only partially oxidized,
Producing reaction products which may adsorb on the catalyst.Still others are oxidized completely to carbon dioxide and
water vapor.

On several occasions these catalysts have produced low
Order explosions while in use aboard a submerged vessel. It
is known that these explosions are triggered by a rise in temp-
erature in the catalyst bed, or a part thereof, causing the
deaorption of scme of the accumulated contaminants. The resulting
rapid exothermie oxidation of these contaminants raises the
catalyst temperature still higher causing further desorption, etc. 4

Several changes were made in the operating parameters of the
Catalytic burners shortly after the explosions to prevent future
Occurrences. The most important of these was to raise the operating -

temperature of the catalyst from about 125*C to 325*C, thereby
increasing the rate and degree of oxidation, with a subsequent
reduction in the amount of adsorbed material.

Samples returned from one of the nuclear submarines USS
AIX, b0(N)575, however, were sub lected to laboratory tests

MA found to explode at temperatures below the alleged operating
tf6rar of the burners. It appeared desirable therefore to

t*rnJne whether these so called "hot" catalysts were indeed
£bmUSA at the usual operating temperature (325*C), resulted frum
IA W lOr operating temperature, or resulted from adsorption caused
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by the continued flow of air through the catalyst beds after burner
shut-down. A laboratorymethnd is therefore needed for ascertaining
ex post facto the approximate operating conditions of the catalyst"
bed.

EXERIMENTAL

Mie upproximate rondt tions under which any given catalyst bed
1146 been operated can probably be determined by aalysis of
contaninants adsorbed on the catalyst. Before such an analysis
"Rfl ho made, the adsorbed contaminants must be desorbed and
l,'l'r'tLt,'d from the catalyat. This operation is considerably more

11ut. than It, might seem at first because of the explosive
!l r, 1f the contamlntted catalyst. The contaminants must be
fitr1|;-,',)d without partial decomposition or without exploding the
QN [i.#, 4.-contonrlnnant mixture. Activated carbon adsorbents used
!llb,&141tbfrne Wir rIlters can be successfully desorbed by heating
In vlcuo and condersing the distillate. This method is undesirable

In the came of the contaminated catalysts, however, because of
O.O r Possible low explosion temperatures. Apparently the• ftitnlnfints on Ho~pca!Lte are very tenaciously adsorbed. At1,emperatures up to 100"C nothing is denerbed Ay this method.
£L'rec-ting the solution of Hopcalite inmineral acid and extracting
the contaminants therefrom has been tried as a possible technique,

I It. is time consuming and yields unsatisfactory results.
A",ther method of releasing the contaminants is to continuously
filter a pure solvent through a column of the Hopealite. After
a Period of time, dependent upon the relative affinity of the
rtdsorbent for the solvent and each of the contaminants, the latter
w11 be washed free from the adsorbent. This is known as elution.
A!ost any solvent for the contaminants will serve as ani lunt
although some are more effective than others. In general, the
• ore polar the solvent the greater its affinity for the advorbent
84d the less time and solvent is required to displace the cort-
talninants. Most of the adsorbed contaminants on Hopcall.te are
ProbarZly oxidized to some degree and therefore highly polar. T[il
type of compound Is strongly adsorbed, and one should expect Uip
-e a strong (polar) eluant to displace them.

Some care must be exercised in choosing the solvent to be
Used as an eluant so that it does not react with the catalysto
thereby introducing spurious contaminants. Elution with ethyl
alcohol, for Instance, even at room temperature, results in the*
Oxidation of some alcohol to acetic acid, which in turn reacts
With the Hopcalite to produce acetates, making the identification
of Original contaminants difficult.

Based on the above considerations water appears as perhaps
the beat eluant. If water is used in the vapor state (As steam)
its strippins power is increased several fold. eam fling down
*ro4gh the coluan of adsorbent tends to desorb the contaminants#
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Those contaminants with a high aff inity for the adsorbent displace
those with a low affinity. The contaminants thus arrange them-
selves down the columan In-order of decreasinp, affinity for the
adsorbent and are final-Ly washed from the coiurn in this orde,
i.e.; the eluted miatdrial is desorbed. at varyingr rates of' speed
analogous to a liquid chromatogram. Stean has the added advantage
0f volatilizing some compounds which are Insoluble In water t.hujs
increasing the range of the solvent, as It wcere. The df.- grcc tu

wihthe catal~yst is stripped of'oontaminants by this method 1,.4
Otknowni. Low 'temperature explosive samples have beet) found to

be drstic~lly reduced in explosivity after a few minuites of
~Iution howver. There seems to be ].ittle likelihood) of e -D-dlnF
the catdilyst..contaminant mixture when using steam eI2110on becali~s
the large volume of saturated stewm and condensate fiowing over
the' catalyst ef'fectively controls Its temperature.

A 50 gram sam~ple of a typival 1 low temperaiture ('rq)osive
Hopcalite* was subjected to steam ralution. Saturated steam wns
introduced at the top of' a -It=s, discharged from the bottom an~d
Passed through a water cool.,4 condenser of' sufficient length to,
cool1 the eondensate to rooms temperature. Thle steam pressure -it
the top of the column was 1; paig, Several (3qu!4[ Vcl ilflC(, "

fr62tions were coilected beforv- stopp!np, thi- f-lution. 'Ricv fleLorbil--(
C%.Jftafinanta were separated frrom the condensate by two or thiree
BtlceSsive extractions with an eqtial iroloum cf an pr-r1n
Alvent( s) . The con timninant n~ btedi ned up~ 'n -vapo ruilr ;X th'
liO1vent were dissolved in carbon disulfide and oxfuniriid i th.'
to1 15 m0-roni infrared Spectral rteg Ioni "MTe sol.Ld rev'idi~f-B ;itmn-d
"ro the ovaparntion of the 1'es I ue water wer ! a i sc 'i ned~i-4 il

MWl4 NIOspec try. reff I "n (. I the r asry'Iib3)ti 1 sil' Id-& i i: t. 'u
r~ Flg r pressed disaco.

The Infrareci gpertrn rl fl-,,- .'~I'14h (Y"t) I' Linor~
Infdictited1 the prosence o:t' at., leaft V".u r or Ilv'' dliI"' rutit -3rmp.1:m~iit

01-k Oneo whlich, bocn.oI'' 113 d, ooll I . 't~ f,4-1'rIe w t3'14 P;I
W~At Of the cont.rannnton o't,ntal lt, flit r't:3tw' rup,'~v
0re proi~abt& ) urge..n i'' oiI dc.* 'r T)J i; CQJ3 1041 i r*'(.3'*I I
M'A~dual wfitor ivr' op4'1. ra I3 nt 'ii ti, t hc &o f r!' t

'ie ' It, id ii 11 ,) f' r k I. Li t- 11 v' r'. ' ntit I iI' ' .

A low tLeflpez'attro~ e'(p)1.-nIv, 11-pot' il t., it; to .t I Ij

bY latboratory tenfto~13 'to I,,d'' fit ,, tPt!rri 1,ro-

O-'Mended shf",~b-arod (3p''ir-r t I i em? ' m t roo .A) tI-',2'

eX1lodr at te'mpe rnturva ''tiI.. ed i' .. *U n



r n4 to study the thange in ti, material as the operat~hg temperature .,. .
Jr' the catalyst AIs varied, it tA preferbl to limit the study'to a

T4c pre compound. Thiuene was chosen as. a rpeentative
JCi compo)und for Vthi purpose since It has previoulsly beerl

de te!nnied' (.by'inf rared A.nalysis of' the material diesorbed f rom
nof ite r carbon ) to c- ,o hw nist prevalo nt. uro~rRinnti- in' the,I zAtarne atmosphere, Air bubbled throug.,h toluene at O() co/mmn WasnnSSCed for one hour through a bed of' l'resh catm.lyst mUitairicd at. a

empratlire of 1150C.) This terperature war, selected Els one sII($4itly
"V h'botilig Toint of' toluene, but be low the rneAlting point. :f'

* '10Fclh, the most likely reactiorn producet. No ef'lo-rt was made
... 'Olcctor analyze the erflount. jgasco or vftp-ors. 'fTh o plt

V ')i' the react ,-n products t'oinnd by the eombistion of vurloui-
(Prnson flopcai iitE I nv iudlIng ,aiooi p ro~c~ as x- we as;

*-W. r du ts a4dsorbed on the n'ttitlysi. would be 1.nteresLi ng rrid
Lily of further investi-.eig 1on, but n'I .esn tgnan P

-T.C 1'fledS~atu problem.

'flr rlit t'np roduc to 'its'rh#.-id %,- tki' ontal Iynst we rl r'1m!!v.A by
--n" el' -A. on and, exam ined npect.rFO IIy . Ar .- xe e ~ z ti''IA Wits

lne;ruducets. FuAr o.r £1 ivt,- e.r.iu pou oco
"J* crvntj ated onpertral ly, but ou-I. not br. identif'ied. 11ho

1- i'D or0 nth.unIAu. I'lA rea-A!, on p rodu.ctLu ILI shown .
Tilt 13 ('C' ltr' Of 1111.3 p~nttJalb''n '''inn' w b~t

a. 1- . th thej( spoecra ol' allI avid I uib Ico'np-uncn r'-por'toed In thu!
Moe .: rt.-s. 1, fro.,n Llhe rprt it~i ec at.A of t nnuu

I' ta L;': puort. : --do.I n.'2. t

30115 Ia n rg thr, Io rat. ry -juIIc j'm t.ujri:j t.' -- )o2'

* a' Otjj I y t 1' ) 1 ,'l;a :I -r a'pu'u a ry IIL ' e ;

*.. p( Iaif. I')(1 k i 1 1 n 'jt. * . Ian't, I Ikel £hnal. - wr (1140.
~* 'i! a !' l'JI1~it~ r~i~IL'l' r. 50(0L!,n iniy , Ilan,?I' j e j-rI .I o

-;W l.11 hi gh L-''.!,: at It'' !'d.Ji.
*'*'.tI Air bul'b;''c thui'roli .n-:'2''o Illwra ag

Ia L I-h . .:.ih1 t 1'

!t) 0lyin h h r , ..'lt,; (X 4eI n~tI'r x) rtlri

* n '!:' o- 91,1.1I~yI''lsa I I''''rr'. Ie'v' , :.



t .:hrmi im find rmoLyhdenL]M o.xide Cata~lysts is known
r. Y i ' n rr (,x( 1 nt and t. h, r(nc t i on i n, nw

')InIvolvin 't te r a I iphnic hyd ooarboris, may p o0s r h. T

"h1s1 xrnai t ni it. Isno w f'ea si.h.1 to ronli Si dc-r 1h
... 'mal hand; , wiais :.;r wris ntthe low tc. rnperatur!, ex-

rt;.yo.. rccVrTrom SE~A WOL act.uaily opernated at a
rat.-. n, asi 711 iO. thu ri t 1re sampl re t ur-ned i' rn thte

L a bout 1 rwis. FIfTy crwns o"' this was used i n
nil e nt 4 C cC t dfou rod I nrk rim; tion. Th10 ml nu t, quzantit~y

'tiandnt±';e roove-.-ed frorn SLuh a small sanip ic
at. ,!JLiYs a'~ s is a jutcC-dt m ,;rI

t .1 the sulhj( 7 fu .- m~~ yi t. dccl a r . dy CfJifii

n . nc !,,- cif t-w. nt; syst-,Tr or. standing. Th(' cl( ra r
e-wzij; essentially the swrne physically and spectrally

i def, orbed from jscenalesc of main filter carbon
fl 'AruIEiJs. Tht, watvr-so I ubL[a cionttuninanta were_ sivil lac

.:irt I i.Lyf:.L 11 f. jur, tC r to thc,c: resuii t I g 1' m hi gh tempf rata rt
n . n'1mw' rea:.I to; hi dloIva that Uthe cata.lyot In rlucstioc.

Mi;"d ;C(: pate'd FLI. ?gh i 'rlerku but also af'te r bu.rner
4n~'l, *wan i I w t.: remain In tim n t I r stream. Dunr i n ;h

',Ic'd ratalyst acted nij an adsorb(ent for atmospherle
n an t lflfft; . Fortanately, thle particular catalyst bed was not

'_1Pi upignin ail'er jvuut.&wn, F'tarfe practice should ensure the
perhaps autxmatic, rc'rrovul 1' the -atalyst bed frenm the'
t af-lp(,ri cesnaiton W,' power; to, the, rateifys t heAters.

7i,. eI'fectlven~ss of atcam elutlon for stripping. contaminants
ili agfliy resttivv n.daorbentsa eould be Improved by increnoing

JtQA~n presutre (temperature) alid elution time. 7hle low
t~:ptr~t~zn. y,plodable IkCpc!altt% fi-rst dtscuesed, which was steam

1 ie 'or it total o~f JO minutes and dried in air at 200"C, was
5lbs'pw~~tuasted for oxpludability and found to be not dang~er-

it-Y 1exPlovive. Loinger el~ution at higher temperature might h;ave

'The la'.ter hap been spectrally identified-as essentially paint
thinie., ise.; varsol. It mVy be denorbed from carbon either
by' belating In vacuo as previously mentioned or by steam
elution.



Since present usage. consumes about 100 oinds of catalyst (at
41-00 per' lb. ) every 30 to 40Q daye, It is economically souid. to,.
~.. aider methods for its salva~e and reuse. A moidj1 fV Rt~ i n UI C
icagri of' the "hydrocarbon Incinerator" miht' we 'i id it 1.1t

icrder that unexhansted but TrotentLrl.lvy dange(-r i'aa3yt gl.
:purg ed and recgene rated s e-rpnIells ixan C

'()NCLUSTONS AND RECOYMENDATIONS

Steam clution is a satisfactory nethod dr '1r'-u'u , nosi.
'onftamihnarrits from low tempo ratire exp loslvoy oxid cat lill..to
Lhe type described.

The approximate operating condi tions oL* a Hopealite cat lst,
.-sed for tile purification of su-bmnjarini &-ir can be detc''idned cx

Unrder suitable conditions n-heptarice canf be aoaie.t
1tluee Over a Hopealite catalyst.

Steam elution isrecommended as a sitable mean.of
Salvaging unit eized batches of Hopcalite which have become
eyxplosively contaminated prior to the expiration of their nprm.1 :Are-

fllife. Steam elution is also applicable to the rcovery df act-
iVaLted charcoril saturated with hydrocarfbon contaminant from the
bopt's atmosphere.

A mrore complete study of all the reaction products resul ting,,
"" the partial oxidation of various pure compounds in the prosence

Orn HoDpcalite at various temperatures would be interesting and worthy
-)f further investigation.



1.1 SIT OF~ FIGURES

F:i

N.,VY 141i., 1l.... L U



WA VF EN IH IMIC ONS,

3 4 5 6 7 8 9 1o II 12 13 14 15

Figure Z - Pressed Disc Spectrum of a Compound Desorbed from a Lew
Temperature Explosive Hopcalite

t

3 i 5 6 7 8 0 II 1214 ,

F,,iii* 3 - Solid Line - Unidentified Reaction Product (in Carbon
DilItlgdo Solution) from the Partial Oxidation of Toluene over
1OPCalite Catalyst.

Dotted Line - Carbon Disulfide
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